Aim: SMXZF (a combination of ginsenoside Rb1, ginsenoside Rg1, schizandrin and DT-13) derived from Chinese traditional medicine formula ShengMai preparations) is capable of alleviating cerebral ischemia-reperfusion injury in mice. In this study we used network pharmacology approach to explore the mechanisms of SMXZF in the treatment of cardio-cerebral ischemic diseases. Methods: Based upon the chemical predictors, such as chemical structure, pharmacological information and systems biology functional data analysis, a target-pathway interaction network was constructed to identify potential pathways and targets of SMXZF in the treatment of cardio-cerebral ischemia. Furthermore, the most related pathways were verified in TNF-α-treated human vascular endothelial EA.hy926 cells and H 2 o 2 -treated rat PC12 cells. Results: Three signaling pathways including the NF-κB pathway, oxidative stress pathway and cytokine network pathway were demonstrated to be the main signaling pathways. The results from the gene ontology analysis were in accordance with these signaling pathways. The target proteins were found to be associated with other diseases such as vision, renal and metabolic diseases, although they exerted therapeutic actions on cardio-cerebral ischemic diseases. Furthermore, SMXZF not only dose-dependently inhibited the phosphorylation of NF-κB, p50, p65 and IKKα/β in TNF-α-treated EA.hy926 cells, but also regulated the Nrf2/HO-1 pathway in H 2 o 2 -treated PC12 cells. Conclusion: NF-κB signaling pathway, oxidative stress pathway and cytokine network pathway are mainly responsible for the therapeutic actions of SMXZF against cardio-cerebral ischemic diseases.
Introduction
Traditional Chinese medicine (TCM) has been used in clinical practice for thousands of years and has accumulated considerable knowledge concerning the in vivo efficacy of targeting complicated diseases. TCM formulae are a mixture of hundreds of chemical components with multiple potential targets, essentially acting as a combination therapy of multicomponent drugs [1] . However, the unclear molecular mechanisms of TCMs are obstacles to their further development and internationalization. The fast development of network-based systems biology has facilitated an understanding of the interactions among genes and proteins at a holistic level and represents new methods for uncovering the molecular mechanisms related to the therapeutic efficacy of TCM [2] [3] [4] . Typically, the drug-target association network has been applied to elucidate the action mechanism of drugs [5] . Meanwhile, the drug-drug network and the protein-disease network have also been employed to discover the association between diseases and target proteins [6] . Theoretical algorithms such as CIPHER have been proposed to identify pathways and indicate network-based computational frameworks [7] . Using these methods, the proteins used in analysis were usually chosen from the classic disease-related proteins or based on the docking scores or term frequencies of compounds [5] . The experi-mental verification typically focused on the signaling pathways, which served as the best biomarker compared to single proteins. However, key proteins identified by the common methods introduced difficulties in experimental verification because multiple key proteins might not be related, as they may reside in different signaling pathways. Therefore, we proposed that the interpretation of the target-pathway interaction network mechanism might be an alternative approach for target discovery. The target-pathway interaction network ( Figure 1 ) clusters the signaling pathways based on the highdegree nodes in the drug-target network. Then, the potential important proteins are identified from the highly scored clustered pathways, and these proteins have a high degree of robustness within the network and contribute significantly to the highly clustered pathway. Thus, the identification of key proteins via the target-pathway interaction network not only facilitates the verification of limited main interacting signaling pathways but also increases the validity of key targets. ShengMai San is a traditional Chinese formula and its remedy preparations have already been directly used to prevent and cure cardio-cerebral ischemic diseases [8] [9] [10] . Several main types of chemical components, such as ginsenosides, lignans and homoisoflavonoids, have been suggested to be responsible for the pharmacological activities of ShengMai preparations [11] . In our previous work, we screened a new combination (SMXZF) comprising four compounds, including ginsenoside Rb1, ginsenoside Rg1, DT-13 and schisandrin (the proportion as 6: 9: 4: 5), that showed a significant inhibition of cardio-cerebral ischemia in experimental studies [12, 13] . Ginsenoside Rb1 and Rg1 are ginsenosides, which have been widely reported to protect against cardiovascular diseases [14] . The schisandrin from the lignans exhibits a neuroprotective effect on glutamate-induced neuronal excitotoxicity [15] . DT-13 is an ophiopogonins and has been reported to reduce calcium currents during hypoxia in adult rat ventricular myocytes [16] . Therefore, SMXZF is considered to be potentially useful because the safety and validity of its four components in cardio-cerebral ischemia have been reported. However, the action mode and related signaling pathways of SMXZF are unknown.
To obtain a better understanding of how the combination affects biological processes, the target-pathway interaction network was used to interpret the relationship of the targets and pathways of SMXZF. Then, the most related pathways were verified in EA.hy926 endothelial cells (ECs) stimulated by tumor necrosis factor-α (TNF-α) and in PC12 cells activated by hydrogen peroxide (H 2 O 2 ). The endothelium plays a critical role in the regulation of leukocyte adhesion, platelet activity and thrombosis, which are all involved in the development of cardio-cerebral diseases [17] . Moreover, dysfunction of the endothelial cells induced by TNF-α, such as endothelial activation and vascular inflammation, plays an essential role in the pathogenesis of cardio-cerebral vascular diseases [18] . Rat pheochromocytoma PC12 cells have been widely used as a model for studies of neuronal function and stroke-related diseases [19] . Oxidative stress-induced cell damage mediated by H 2 O 2 has been implicated in a variety of neurodegenerative disorders such as stroke and Alzheimer's disease [20, 21] . Our findings will shed new light on the pharmacological mechanism of the combination derived from ShengMai preparations and will facilitate an understanding of the detailed mechanisms of cardiocerebral diseases in the network context.
Materials and methods

Construction of the protein database
To identify the corresponding gene targets of the active components from ShengMai preparations, we selected genes that had interactions with these compounds. The protein database was made up of two parts. The first part of the database on known targets was derived from the literatures from PubMed Central of the NCBI database (http://www.ncbi.nlm.nih.gov/ pubmed/). The search terms comprised a compound name (ginsenoside Rb1 or ginsenoside Rg1 or DT-13 or schisandrin) and key words of diseases. The key words of diseases were standardized using Mesh terms in the NCBI database (http://www.ncbi.nlm.nih.gov/mesh/), including heart or myocardial ischemia, cerebral ischemia or infarction, or brain ischemia and stroke. As an example, the following search term was used "ginsenoside Rg1 and heart ischemia". The proteins/genes that conformed to the Mesh terms of diseases were text mined from the abstracts to construct the network. The proteins/genes/GEO profiles were standardized in the NCBI database, "Homo sapiens". The second part served as a supplement to the database, including high affinity and novel proteins related to the compounds. The targets were derived from the PharmMapper database (http://59.78.96.61/pharmmapper/), which was designed to predict potential target candidates for small molecules via a reverse pharmacophore mapping approach. PharmMapper is backed up by a large, in-house pharmacophore database covering over 7,000 receptor-based pharmacophore models, 459 of which are human protein targets [22] . Structures of the four compounds were constructed by Sybyl 6.9 and were applied to all hydrogens and Gastiger-Huckel charges in Sybyl 6.9 in the Tripos force field in an implicit solvent environment. The minimization steps included 1000 cycles of steepest descent until the convergent threshold of 0.05 kal -1 ·Å -1 was satisfied. Four minimized molecules were loaded into the PharmMapper human protein database, and the top ranking 100 proteins were selected as the matched hits using the default settings. One hundred proteins had standardized proteins/gene/GEO file names (http://www.ncbi.nlm.nih.gov/geoprofiles/) in Homo sapiens. The combined parts of the protein database were filtered in relation to cardio-cerebral ischemia in PubMed Central in the NCBI database with search terms including the protein/gene name and key words for the diseases. The proteins/genes that were related to the diseases were included in the second part of the database.
The construction and analysis of the network We constructed the drug-target network using Cytoscape 2.8.3 [23, 24] , which was developed for the reconstruction and visualization of networks. Cytoscape is a desktop Java application and is available for download from http://cytoscape. org. The drug-target network was constructed and we analyzed the degree and betweenness of the compounds in the network with the Centiscape module. The most elementary characteristic of a node was its degree, which told us how many links the node had to other nodes. The degree and the betweenness were the node topological and central indexes, and the potential biological meanings of higher-degree nodes were tested via Biocarta functional annotation analysis [25] . Higher degree and larger betweenness nodes are most important [26, 27] . Ginsenoside Rb1, ginsenoside Rg1, and schisandrin have been widely reported because of their functions in related diseases, and we chose nodes with connection degrees greater or equal to the average connection degree of the drugtarget network as part of an important protein group. Thus, a degree ≥ 3 was preferred in this analysis of the main signaling pathways. Pathway analysis always plays an essential role in discovering possible biological processes that the genes from the input list participate in. Many databases such as Biocarta, KEGG and GeneGo collect cured pathways, including those of cellular processes, metabolism and diseases [28] . In this study, the signaling pathways of new sets were identified based on pathway interaction networks collected using Biocarta. The clustered pathway required enriched functions for genes when Fisher's exact p-value ≤ 0.01. The functional annotation cluster was constructed of pathways representing similar pathways according to the enrichment scores. Gene ontology (GO), another type of pathway, typically reveals the physiological functions and cellular locations of a group of genes and is applied to identify enriched GO function for genes in the network [25] . GO annotations were performed using the BINGO 2.4.4 plugin of Cytoscape 2.8.3. A statistical test (a hypergeometric test), a multiple testing correction (Benjamini and Hochberg's FDR correction) and a significance level (0.05) were selected. The overrepresentation of functional categories and Homo sapiens annotation was assessed in our clusters. The genes were subjected to biological process, cellular component and molecular function ontology file analysis. The association between the important proteins and other diseases was also discussed according to the disease-associated network using the genetic association database.
Cell culture and drug treatments
The endothelial cell line EA.hy926 and rat pheochromocytoma PC12 cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The cells were grown in Dulbecco's modified Eagle's medium (DMEM) (Life Technologies, CA, USA) supplemented with 10% fetal bovine serum (Wisent, Nanjing, China), 100 U/mL penicillin and 100 μg/mL streptomycin at 37 °C in a humidified atmosphere containing 5% CO 2 . The cells were seeded onto 6-well plates for the administration of drug treatments when grown to anastomose.
SMXZF was a mixture of ginsenoside Rb1, Rg1, schisandrin and DT-13 (6:9:5:4). Ginsenoside Rb1, Rg1 and schisandrin were purchased from Nanjing Zelang Bio-Technology Co, Ltd (Nanjing, China). DT-13 was isolated in our own laboratory. The purity of each compound was determined to be higher than 98% by HPLC. SMXZF and N-acetyl cysteine (NAC) (Sigma-Aldrich, St Louis, MO, USA) were dissolved in dimethyl sulfoxide and then diluted in the serum free medium. Then, the endothelial cells were treated with 0.1-10 μg/mL SMXZF for 12 h before treatment with 10 ng/mL TNF-α (Sigma-Aldrich, St Louis, MO, USA) for 30 min. The PC12 cells were treated with 10 μg/mL SMXZF for 12 h before treatment with 100 μmol/L H 2 O 2 (Sigma-Aldrich, St Louis, Western blotting analysis EA.hy926 ECs and PC12 cells were lysed with 40 μL of RIPA ice-cold lysis buffer (Vazyme Biotech, Nanjing, China) supplemented with protease inhibitor (Vazyme Biotech, Nanjing, China). As reported [29] , equal amounts of proteins were separated on a 12.5% SDS-PAGE and were transferred to PVDF membrane (Millipore Corporation, Billerica, MA, USA). The membranes were blocked with 3% BSA in TBS/T and were stained with primary antibodies against p50, p65, IKKα, IKKβ, p-p50, p-p65, p-IKKα, and p-IKKβ (dilution 1: 1000, 1:1000, 1:1000, 1:1000, 1:800, 1:600, 1:800, and 1:800, respectively; Cell Signaling Technology, Boston, MA, USA) and Nrf2, HO-1, and GAPDH (dilution 1:1000, 1:1000, and 1:4000, respectively; Bioworld Technology, Louis Park, MN, USA) overnight at 4 °C. The membranes were then probed with peroxidase conjugated secondary antibody at a 1:8000 dilution (Bioworld Technology, Louis Park, MN, USA). The antigen-antibody complexes were then detected with enhanced chemiluminescence (ECL) reagent (Vazyme Biotech, Nanjing, China). The immunoreactive bands were visualized by the ChemiDoc™ MP System (Bio-Rad, Hercules, CA, USA) and analyzed using Image Lab™ Software (version 4.1, Bio-Rad).
Statistical analysis
All experiments were performed in triplicate and the data are expressed as the mean±standard deviation. Statistical significance was determined using one-way ANOVA, followed by Student's two-tailed t-test for comparisons between two groups and Dunnett's test when the data involved three or more groups. p<0.05 was defined as significant.
Results
Drug-target interaction network
The general network properties of the drug-target network are shown in Figure 2A . Apparently, the drug-target network was dense and the combination targeted a large number of proteins. The degree and betweenness were the node topological and central indexes, corresponding to the evaluation of the regulatory relevance of the nodes. The most elementary characteristic of a node was its degree, which told us how many links the node had to other nodes. Betweenness relies on the identification of the shortest paths and measures the number of them that pass through a node. Generally, nodes with higher degree and betweenness were likely to be strongly connected in networks from a range of different domains [30] . In this network, nodes were scored with very high degree and betweenness (2.871 and 1584.43, respectively), suggesting a central regulatory role. Then, based on the high-degree nodes, we excluded nine proteins with little biological meaning in the functional annotation chart by Biocarta analysis.
Target-pathway interaction network
Three main functional annotation clusters ranked by the Biocarta functional annotation cluster tool are presented in Figure 2B . The functional annotation cluster classified the groups of similar annotations according to their enrichment scores. The enrichment scores for three main clusters of genes were 2.96, 2.08 and 1.63 (Table 1 ). The relevant proteins in the highest scored cluster were associated with the activation of the transcription nucleus factor signaling pathway, including NF-κB activation by nontypeable Hemophilus influenzae, the influence of Ras and Rho proteins on the G 1 to S transition, the NF-κB signaling pathway and the acetylation and deacetylation of RelA in the nucleus pathways. Signaling pathways related to oxidative stress, MAPK, and nerve growth factor made up the second cluster of main pathways capable of modulating neuroprotective, anti-stress and anti-oxidative mechanisms. The third cluster had the lowest enrichment cluster score, comprising pathways related to cytokines.
The relationship between the compounds and the target-pathway interaction network Based on the Biocarta functional annotation clusters, the four compounds from SMXZF have distinct functions in corresponding pathways ( Figure 2C ). Ginsenoside Rg1 affected a sequence of pathways including the cytokine network, oxidative stress pathways, cyclins and cell cycle regulation and the NF-κB signaling pathway. Ginsenoside Rb1 influenced the following pathways: the oxidative stress pathways, the NF-κB signaling pathway, the adhesion and diapedesis of lymphocytes, and the cytokine network pathway. DT-13 only influenced two clustered pathways, including the signaling of the hepatocyte growth factor receptor and the MAPKinase signaling pathway. Schisandrin interacted with the NF-κB signaling pathway, apoptotic signaling in response to DNA damage and the oxidative stress pathway.
Evaluation of the important proteins
The pathways contained in the highest scored clusters may be the interaction pathways most likely to exert their combined effects against cardio-cerebral ischemic diseases. Therefore, we focused on the highest scoring clusters that were associated with the activation of the nuclear transcription factor signaling pathway. Analysis based on functional annotation clusters represented important proteins in the signaling pathways. We found 24 proteins in the functional annotation clusters that were highly associated with each other (Table 2 ). For example, 
Experimental validation
As illustrated in Figure 5 , to verify the results from the target-pathway interaction network, we assessed whether SMXZF modulated the NF-κB signaling pathway. The Western blotting results showed that both phospho-NF-κB/p50 and phospho-NF-κB/p65 were increased by treatment with 10 ng/mL TNF-α for 30 min, which could be attenuated by pretreatment with 0.1-10 μg/mL of SMXZF ( Figure 5A and B) . Moreover, we also found that the up-regulation of phospho-IKKα and phospho-IKKβ were induced by TNF-α, while 0.1-10 μg/mL SMXZF could down-regulate phospho-IKKα/β ( Figure 5C and D) . In addition, we further investigated whether SMXZF could regulate the Nrf2/HO-1 pathway in PC12 cells. Protein levels of Nrf2 in the nucleus and its downstream protein HO-1 were measured. As shown in Figure 6A , a low level of Nrf2 was detected in PC12 cells treated with 100 μmol/L H 2 O 2 for 12 h, while cells pretreated with SMXZF (10 μg/mL) resulted in a significant increase in Nrf2 nuclear protein levels. Meanwhile, compared to the cells exposed to 100 μmol/L H 2 O 2 only, pretreatment with SMXZF significantly increased the expression of HO-1 ( Figure 6B ). These results validated the regulation of the Nrf2/HO-1 pathway by SMXZF in the exertion of antioxidant ability, which had the same effects as the positive drug NAC.
Discussion
It is well known that the complexity of ingredients, unknown targets and underlying mechanisms restrict the development of TCM. Recently, network pharmacology has offered a new method for studying the molecular mechanisms of TCM. However, many existing methodologies require significant computational knowledge and complicated algorithms for data analysis and manipulation. To increase the utility and availability of this method for beginners, it is necessary to develop some simplified network-based applications that are equally useable for cross-disciplinary users. Therefore, we proposed a target-pathway interaction network (a drug-target network combined with a pathway interaction network) to discern the targets and potential pathways of active components from a TCM formula. Then, we applied this relatively simple approach to the combination of four effective components derived from ShengMai preparation to explore its efficacy mechanism in treating cardio-cerebral ischemic disease.
We grouped the functional annotation clusters into three groups according to their enrichment scores using the Biocarta functional annotation tool, which uses a novel algorithm to measure relationships among the annotation terms based on the degrees of their co-association genes and took advantage of the well-known Biocarta pathways and displayed genes to facilitate biological interpretations in the network context. The proteins in each cluster are highly associated with each other. The most important proteins termed in the highest scored cluster were associated with NF-κB activation and the NF-κB IKK alpha, NF-κB p65 delta3, toll-like receptor 4, and the nuclear factor of the kappa light polypeptide gene enhancer in B cells were highly associated in the functional annotation clusters. Figure 3A -C depicts the graphical representations of the relative positions of the terms in the gene ontology hierarchy, with the degree of significance indicated according to color (white nodes are not significant; orange nodes are significant). The major cellular component ontologies ( Figure  3A) were nuclear parts, the interleukin 6 receptor complex, the I-kappaB/NF-kappaB complex, the death-inducing signaling complex and the I-kappaB kinase complex. This was further supported by the molecular function ontologies that were significantly enriched in terms such as interleukin 1, 4, 6, and 10 receptor binding and cytokine receptor binding ( Figure  3B) . Additionally, the enriched biological process ontologies were dominated by a variety of NF-κB cascades, as well as the regulation or negative regulation of NF-κB imported into the nucleus and other regulations of the NF-κB cascade ( Figure  3C ). Figure 4 presents a summary of related disease classes for the important proteins in the genetic association database. The database is an archive of human genetic association studies of complex diseases and disorders. This indicated that the important proteins were closely correlated with those associated with other diseases such as vision, renal and metabolic diseases, although they exerted functions on the cardio-cere- Various pharmacological studies showed that the transcription factor NF-κB plays a key role in cell survival in the nervous system and acts as a key regulator of the inflammatory process [31] . Inhibiting the activity of NF-κB also protects the heart against myocardial ischemia reperfusion injury [32] . SMXZF most likely made up an interlinked network so that these building blocks of the body could have function as a whole. In this study, we observed the effect of SMXZF on the expression and activation of NF-κB p50, NF-κB p65 and IKKα, IKKβ in TNF-α induced EA.hy926 ECs, confirming the predictive results and providing an explanation of the molecular mechanisms of cardio-cerebral ischemic diseases. In our previous study, we found that ginsenoside Rg1 could protect against hydrogen peroxide-induced cell death in PC12 cells via inhibiting NF-κB activation [33] . We also confirmed that schisandrin inhibited the upregulation of IKKα, and also exerted significant inhibition on the expression and phosphorylation of p50, p65 and IKKβ induced by H 2 O 2 in PC12 cells [29] . Meanwhile, pharmacological studies have shown that ginsenoside Rb1 exerts significant NF-κB inhibitory effects [34] . Signaling pathways related to oxidative stress, MAPK, and nerve growth factor (NGF) are the second main pathways. Several pathways such as oxidative stress that induced gene expression via Nrf2, TNF/stress related signaling, the MAPKinase signaling pathway, angiotensin II mediated activation of the JNK pathway via Pyk2 dependent signaling, and the NGF pathway were clustered to similar functional annotations. Oxidative stress of the neuron and the neuroprotective mechanism of the combination is a contribution to research on the mechanisms of cardio-cerebral ischemia [35] . Nrf2 activation and subsequent cytoprotective gene induction promote the restoration of balance between oxidants and antioxidants after oxidative insult. It was reported that a great increase in the nuclear level of Nrf2 followed by a decrease to the basal level or even lower occurs in H 2 O 2 -induced PC12 cells [36] . Our studies showed that SMXZF induced Nrf2 nuclear translocation as well as HO-1 expression, which demonstrated that SMXZF exerted antioxidant capacity via the Nrf2/HO-1 pathway. The validated functions of the combination of four effective compounds complied with the predicted action mechanism related to oxidative stress. Schisandrin was previously reported to have anti-inflammatory activity by the upregulation of HO-1 via the Nrf-2 signaling pathways [37] , ginsenoside Rb1 could protect against oxidative stress by increasing HO-1 expression through the PI3K/Akt/Nrf2-dependent pathway and ginsenoside Rg1 could also activate the Nrf2 pathway to exert antioxidative actions [38, 39] . The third cluster was also the cluster with the lowest enrichment score and comprised pathways related to cytokines. There were three pathways, including the cytokine network, cytokines and the inflammatory response and regulation of hematopoiesis by cytokine pathways. Cytokines constituted the foundation for shock movements from ischemia to inflammation [40] . Ginsenoside Rg1 and Rb1 participated in the inhibitory effect on interleukin and contributed to the neuroprotective effect in cerebral ischemia [41, 42] . The combination of four effective compounds was predicted to exert incorporated functions on three main pathway clusters. The respective functions of each compound were exerted via different pathways. Ginsenoside Rg1 acted on the cytokine network and oxidative stress pathways. Ginsenoside Rb1 was predicted to have the strongest functions in the NF-κB signaling pathway. DT-13 mainly acted on the signaling of the hepatocyte growth factor receptor and the MAPKinase signaling pathways. Schisandrin acted on the NF-κB signaling pathway. The clustered pathways for each compound also had similarities. The three main pathways had higher frequencies than most of the pathways, indicating that they might comprise the corporative functions in their entirety. By inducing different effects on different pathways, the four compounds achieve synergistic effects on some of the main pathways [43] . The function of the immune system depends largely on interleukins and the majority of interleukins promote the development and differentiation of T, B and hematopoietic cells. Interleukin 6, interleukin 4, interleukin 8, interleukin 10 and interleukin 1 play essential roles in the final differentiation of B cells, as well as inducing myeloma growth and nerve cell differentiation [44] . Transcription factors make up the single largest family of human proteins and perform their functions alone or with other proteins in a complex. The action mechanism of these key proteins may be that they affect the integrated biological network rather than one target. The entire biological network would be unstable in an unhealthy state when the key targets are extracted from the network. Alternatively, the unhealthy state would be returned to normal when multiple key proteins targeted in the network.
The association with related diseases
Gene ontology has been widely accepted as the ontology for designating structural controlled vocabulary terms to describe gene products in any organism. The vocabulary terms are used as attributes of genes in databases from a wide variety of species and facilitate computational queries across species. Gene ontology consists of three separate ontologies to describe the attributes of gene products or gene product groups.
Molecular function describes what a gene product does at the biochemical level and biological process refers to a biological objective to which a gene product contributes, while cellular component refers to the place in the cell where a gene product is found. The three annotation levels were all consistent with signaling pathways involved in the functional annotation clusters, which were all associated with the NF-κB complex and the interleukin receptor contained in the pathway clusters. This also verified the validity of the signaling pathway clusters and illuminated the action mechanism from the perspective of gene ontology.
The association between target proteins and other diseases was also discussed. The pharmacological functions of TCMs are more widespread than those of western drugs. TCMs play a role not only in the treatment of diseases but also in the regulation of other closely related complicating diseases. The identified key proteins are also related to other diseases. The gene expression of interleukin 1 beta was investigated in a transgenic mouse model of the inflammatory process and its efficacy as an anti-inflammatory drug was evaluated in vivo [45] . Toll-like receptor-4 was determined to be a cellular sentinel for acute renal damage by targeting the intracellular pathways [46] . Anti-inflammatory cytokines interleukin 4 and interleukin 10 play roles in the neurodegenerative process of CreutzfeldtJakob disease [47] .
In this study, network pharmacology was applied to investigate the combination of four bioactive ingredients derived from ShengMai preparations to allow us to understand the underlying molecular mechanisms from the active chemical, biological pathways, target proteins, and disease networks perspectives. Certainly, our approach has some limitations. First, our approach could not discriminate whether an ingredient could directly bind a target or whether it could indirectly affect the target. Secondly, our approach might suffer from annotation bias, which is also a limitation of most functional annotation-based methods [48, 49] . Consequently, the strategy might function poorly for compounds lacking approved gene association annotations. Moreover, the results obtained by this method were completely dependent on the database. Therefore, in combination with experimental techniques, this method plays an important role in understanding the molecular mechanisms of TCM.
Conclusion
In this study, we proposed a simple and integrated method for predicting the possible molecular mechanism of the combination of four effective compounds derived from ShengMai preparations against cardio-cerebral ischemic diseases based on an integrated target-pathway interaction network. Using this method, we inferred links between active ingredients and cardio-cerebral ischemic diseases through molecular targets and several key signaling pathways. Based on the most predictive potential pathway, the NF-κB signaling pathway and the related oxidative stress pathway were further confirmed by experimental verification in a cell model. Further studies need to conduct more tests of the effects of bioactive ingredients on other pathways and their interactions. Our findings may also provide clues about the mechanisms of TCM formulas with multiple active components.
